Excitation energies for 3l-4lЈ particle-hole states of Ni-like ions are determined to second order in relativistic many body perturbation theory. The calculations start from a closed-shell Dirac-Fock potential, and include second-order Coulomb and Breit-Coulomb interactions. Retarded electric-dipole matrix elements ͑in length and velocity forms͒ are calculated in second order for transitions from excited 3l-4lЈ states to the closed-shell ground state. Wavelengths for 3-4 and 4-4 transitions are compared with experimental data, and with other high-precision calculations. Trends of oscillator strengths as functions of nuclear charge Z are shown graphically for selected transitions.
I. INTRODUCTION
This is the second in a series of relativistic many-body perturbation theory ͑MBPT͒ studies of atomic characteristics of particle-hole excitations of closed-shell ions. In the first of these studies, energies ͓1-3͔ and oscillator strengths ͓4͔ in Ne-like ions were considered by Avgoustoglou and coworkers.
The second-order MBPT calculations for Ni-like ions start from a 1s 2 2s 2 2p 6 3s 2 3p 6 3d 10 Dirac-Fock potential. We consider all possible 3l holes and 4l particles leading to 56 odd-parity and 50 even-parity 3l Ϫ1 4lЈ(J) states. We calculate energies of the 106 states for 18 representative ions with nuclear charge Z ranging from 47 to 82. For odd-parity states with Jϭ1, we extend our calculations of energies to Z from 47 to 92, and line strengths to Z from 32 to 100.
The Ni-isoelectronic sequence has been studied extensively, especially in recent years, in connection with x-ray lasers. The lasing action occurs because the 3d Ϫ1 4d levels are metastable to radiative decay to the Ni-like ground state; the transitions to the ground state from the lower 3d Ϫ1 4 p levels are of course radiatively allowed. Ni-like x-ray lasers were first demonstrated in 1987 in a laser produced plasma of Eu, and later in laser-produced plasmas of Ta, W, and Au ͑see Refs. ͓5,6͔, and references therein͒. Accurate knowledge of the lasing wavelengths is essential for applications to laboratory x-ray lasers. Wavelength of 3d 9 4d 1 S 0 -3d 9 4 p 1 P 1 x-ray lines in several low-Z Ni-like ions ranging from Y (Zϭ39) to Cd (Zϭ48) were measured recently by Li et al.
͓7͔.
Measurements for two lasing lines: 3d 3/2 4d 3/2 (0)-3d 5/2 4p 3/2 (1) and 3d 3/2 4d 3/2 (0)-3d 5/2 4p 1/2 (1) in ions ranging from Nd (Zϭ60) to Ta (Z ϭ73) were reported by Daido et al. in Ref. ͓8͔ . It should be noted that neither LS-nor j j-coupling schemes described these states properly; this is why different designations are used for these states in Refs. ͓7͔ and ͓8͔. Lasing on the Nilike 3d 9 4 f 1 P 1 -3d 9 4d 1 P 1 x-ray line in Zr (Zϭ40), Nb (Z ϭ41), and Mo (Zϭ42) was reported recently by Nilsen et al. in Ref. ͓9͔ . Measured wavelengths were presented for these ions as well as predicted values for ions from Zϭ36 to 54. The predictions in Ref. ͓9͔ were made by fiting the differences between energies calculated with the multiconfiguration Dirac-Fock ͑MCDF͒ code, and experimentally determined energies for Zϭ37-42 to a straight line. A similar method was used for predicting lasing lines in Refs. ͓5͔ and ͓7͔. Accurate theoretical values for two lasing lines: 3d 3/2 4d 3/2 (0)-3d 5/2 4 p 3/2 (1) and 3d 3/2 4d 3/2 (0)-3d 5/2 4 p 1/2 (1) in selected Ni-like ions with Z from 60 to 73 were presented in Ref. ͓8͔ , where it was shown that good agreement between theoretical and experimental wavelengths could be obtained by taking into account the d-correlation.
A detailed analysis of 3-4 transitions in the x-ray spectrum by laser produced plasmas of Ba (Zϭ56), La (Z ϭ57), and Pr (Zϭ59) was reported recently by Doron et al. ͓10͔ and Zigler et al. ͓11͔ . Ab-initio calculations were performed in Ref. ͓10͔ using the RELAC relativistic computer code to identify 3d-n f (nϭ4Ϫ8), 3p-4s, and 3p-4d transitions of Ni-like Ba. The same computer code was used by Busquet et al. ͓12͔ to identify x-ray spectral lines emitted by a target of Au (Zϭ79). In Ref. ͓12͔, a detailed description of the RELAC code, which is based on a relativistic model potential, was given. The HULLAC package is also based on a relativistic model potential ͓13͔. The nϭ3 -4 transitions observed in x-ray spectra of Ni-like ions (Ag 19ϩ -Pb 54ϩ ) were investigated theoretically by Quinet and Biémont ͓14͔, where the MCDF approach ͑Grant's code͒ was used to calculate wavelengths and oscillator strengths for the 3d-4p, 3d-4 f , 3 p-4s, and 3p-4d electric-dipole transitions. The theoretical results in Ref. ͓14͔ were compared with all previous published experimental data obtained from x-ray spectra emitted by strongly ionized atoms, and generated by vacuum sparks, Tokamaks or high power lasers and the difference between theoretical and experimental values for the 3-4 transition were found to be about 0.5%.
There are fewer papers concerned with the analysis of the 4s-4 p and 4p-4d transitions in Ni-like ions. Spectra of 4-4 transitions in a laser-produced plasma of Ni-like ions (Ru 16ϩ -Sn 22ϩ ) were observed and analyzed by Churilov et al. in Ref. ͓15͔ . The analysis of these spectra was based on the theoretical prediction by Wyart ͓16͔. The prediction of 4s-4p and 4p-4d transitions in Ni-like ions (Mo 14ϩ -Sn 22ϩ ) in Ref. ͓16͔ was based on Slater-Condon-type calculations of 3d 9 4s, 3d 9 4p, and 3d 9 4d configurations. The radial parameters involved in the three configurations were determined by a generalized least-squares fit using all known levels in the sequence.
In the present paper, a relativistic MBPT is used to determine energies of 3l Ϫ1 4lЈ(J) states of Ni-like ions. Energies are calculated for the 56 odd-parity 3d
, and 3s Ϫ1 4 f (J) excited states and the 50 even-parity 3d
Ϫ1 4s(J), and 3s Ϫ1 4d(J) excited states for 18 representative Ni-like ions with Z ϭ47-82. The energies of the 13 odd-parity states with J ϭ1 are calculated for Ni-like ions with Zϭ47-92.
Relativistic MBPT is also used to determine reduced matrix elements and oscillator strengths for electric dipole transitions from the 3l Ϫ1 4lЈ(1) states to the 1 S 0 ground state in Ni-like ions with nuclear charges Z ranging from 32 to 100. Retarded E1 matrix elements are evaluated in both length and velocity forms. The MBPT calculations start from a nonlocal 1s 2 2s 2 2p 6 3s 2 3p 6 3d 10 Dirac-Fock potential, and consequently give gauge-dependent transition matrix elements. Second-order correlation corrections compensate almost exactly for the gauge dependence of the first-order matrix elements, leading to corrected matrix elements that differ by less than 1% in length and velocity forms throughout the periodic system.
II. METHOD
Details of the MBPT method were presented in Ref. ͓1͔ for a calculation of energies of particle-hole states, in Ref.
͓17͔ for calculation of energies of particle-particle states, and in Ref. ͓18͔ for calculation of radiative transition rates in two-particle states. Here we will present only the model space for Ni-like ions and the first-and second-order diagram contributions for particle-hole systems without repeating the detailed discussions given in Refs. ͓1͔, ͓17͔, and ͓18͔.
A. Model space
For atoms with one hole in closed shells and one electron above closed shells, the model space is formed from particlehole states of the type a v ϩ a a ͉0͘, where ͉0͘ is the closedshell 1s 1/2 2 2s 1/2 2 2p 1/2 2 2p 3/2 4 3s 1/2 2 3p 1/2 2 3p 3/2 4 3d 3/2 4 3d 5/2 6 ground state. The single-particle indices v range over states in the valence shell and the single-hole indices a range over the closed core. For our study of low-lying states 3l Ϫ1 4lЈ states of Ni-like ions, values of a are 3s 1/2 , 3p 1/2 , 3p 3/2 , 3d 3/2 , and 3d 5/2 , while values of v are 4s 1/2 , 4p 1/2 , 4p 3/2 , 4d 3/2 , 4d 5/2 , 4 f 5/2 , and 4 f 7/2 . To obtain orthonormal model states, we consider the coupled states ⌽ JM (av) defined by
Combining the nϭ3 hole orbitals and the nϭ4 particle orbitals in nickel, we obtain 56 odd-parity Table I .
B. Energy matrix
The first-order energy-matrix element for a particle-hole system va(J) is
͑2.2͒
where ⑀ i is the eigenvalue of the Dirac-Hartree-Fock ͑DHF͒ equation for state i, and where
The quantities C k are normalized spherical harmonics and R k (abcd) are Slater integrals. The corresponding secondorder energy matrix is
͑2.5͒
The second-order one-particle E v (2) and one-hole E a (2) contributions are defined by three terms: double sums, single sums, and a one-potential term. This later term contributes only to the Breit-Coulomb correction. The second-order contribution for hole state a (E a (2) ) is
͑2.7͒
Labels b and c designate core states, and m and n designate virtual states. The second-order energy for the valence electron v (E v (2) ) is found by replacing a by v in the above expression and changing the sign of each term. The second-order particle-hole interaction energies E R i (͓aЈvЈ(J),av(J)͔ are 
͑2.11͒
All of the above expressions were defined for the Coulomb interaction. When we include the Breit interaction in the calculation, the Coulomb matrix element X k (ab,cd) is modified according to the rule
The magnetic radial integrals M and N are defined by Eqs. ͑A4͒ and ͑A5͒ in Ref. ͓19͔.
C. Example: Energy matrix for Ba

28¿
In Tables II and III, we give details of the second-order energies for the special case of Ni-like barium, Zϭ56. The headings used in these tables are the same as those used in Ref. ͓17͔ . In Table II , we show the second-order contributions to the valence E v (2) and hole E a (2) energies, defined in Eq. ͑2.6͒. Contributions from each of the three distinct terms-double sum V 1 , single sum V 2 , and one-potential term V 3 -are given in this table. In the upper panels, secondorder Coulomb contributions are presented for nϭ3 hole states and nϭ4 particle states and, in the lower panel, second-order Breit-Coulomb corrections are listed. The single sum contribution to hole states dominates the Coulomb corrections shown in the upper panel. The onepotential term V 3 contributes only to the Coulomb-Breit correction; where it is the dominant contribution. In Table III we give diagonal matrix elements of the second-order interaction energy for the particle-hole system defined in Eqs.
͑2.8͒-͑2.11͒ for odd-parity states with Jϭ1. Coulomb contributions are given in the upper panels, and the BreitCoulomb corrections are given in the lower ones. The largest contribution is from the term R 3 for the Coulomb interaction and from the term R 4 for the second-order Breit correction.
The orbitals used in the present calculation were obtained as linear combinations of B splines. These B-spline basis orbitals were determined using the method described in Ref.
͓20͔. We used 40 B splines of order 8 for each single-particle angular momentum state, and we included all orbitals with orbital angular momentum lр7 in our single-particle basis.
In Sec. II B, we gave analytical formulas for the firstand second-order contributions
(2) ͓aЈvЈ(J),av(J)͔, and B (2) ͓aЈvЈ(J),av(J)͔ to the energy matrix. To determine the first-order energies of the states under consideration, we diagonalize the symmetric first-order effective Hamiltonian, including both the Coulomb and Breit interactions. The first-order expansion coefficient C 1 N ͓av(J)͔ is the Nth eigenvector of the first-order effective Hamiltonian, and E
(1) ͓N͔ is the corresponding eigenvalue. The resulting eigenvectors are used to determine the second-order Coulomb correction E (2) ͓N͔, the secondorder Breit correction B (2) ͓N͔, and the QED correction E Lamb ͓N͔. Usually, either LS or j j designations are used to label the resulting eigenvectors rather than simply enunerating with an index N. Here we use j j designations, since they are more suitable in Ni-like ions.
In Table IV , we list the following contributions to the energies of odd-parity Jϭ1 states in Ba 28ϩ :
, the second-order Coulomb energy E (2) , the second-order Breit correction B (2) , the QED correction E Lamb , and the total theoretical energy E (tot) . The QED correction is approximated as the sum of the one-electron selfenergy and the first-order vacuum-polarization energy. The vacuum-polarization contribution is calculated from the Uehling potential using the results of Fullerton and Rinker ͓21͔. The self-energy contribution is estimated for s, p 1/2 , and p 3/2 orbitals by interpolating among the values obtained by Mohr ͓22͔ using Coulomb wave functions. For this purpose, an effective nuclear charge Z eff is obtained by finding the value of Z eff required to give a Coulomb orbital with the same average ͗r͘ as the DHF orbital.
D. Radiative transitions to the ground state
The first-order reduced multipole matrix element Z K
(1) for a transition between the ground state ͉0͘ and the uncoupled particle-hole state ⌽ JM (av) of Eq. ͑2.1͒ is
͑2.13͒
The multipole matrix Z K (av) element, which includes retardation, can be expressed in terms of the operator t K (1) given in length and velocity forms by Eqs. ͑38͒ and ͑39͒, respectively, of Ref.
The second-order reduced matrix element Z K (2) ͓0Ϫav ( 
͑2.15͒
The derivative term
is just the derivative of the first-order matrix element with respect to the transition energy. It is introduced to account for the first-order change in transition energy. An auxillary quantity P K (derv) is defined by
The derivative term Z K (derv) (av) is given in length and velocity forms by Eqs. ͑10͒ and ͑11͒ of Ref. ͓18͔ for the special case Kϭ1.
The coupled dipole transition matrix element between the ground state and the Nth excited state in Ni-like ions is given by 
Here Z (1ϩ2) ϭZ 1 (1) ϩZ 1 (RPA) . ͑Note that Z 1 (HF) vanishes since we start from a HF basis.͒ In Eq. ͑2.17͒, we let B (2) ϭB 1 (RPA) ϩB 1 (HF) represent second-order corrections arising from the Breit interaction. Using the above formulas and the results for uncoupled reduced matrix elements, we transform from uncoupled reduced matrix elements to intermediate coupled matrix elements between physical states.
The uncoupled reduced matrix elements are calculated in both length and velocity gauges. The differences between length and velocity forms are illustrated for the uncoupled 0-3d 5/2 4 f 5/2 (1) matrix element in Fig. 1 . It should be noted that the first-order matrix element Z
(1) is proportional 1/Z, the second-order Coulomb matrix element Z (2) is proportional 1/Z 2 , and the second-order Breit matrix element B (2) is almost independent of Z ͑see Ref. ͓18͔͒. Taking into account this dependence, Z
(1) ϫZ, Z (2) ϫZ 2 , and B (2) ϫ10 4 are shown in the figure. These Z dependencies apply to the firstorder matrix elements Z (2) , the second-order matrix elements B (2) , and the length form of Z (2) for high-Z ions. The contribution of the second-order matrix elements Z (2) is much larger in length form ͑compare the upper and lower panels in Fig. 1͒ . The differences between results in length and velocity forms shown in Fig. 1 are compensated for by ''derivative terms'' P (derv) , as shown below. It should be noted that P (derv) in the length form almost equals Z (1) in length form, whereas P (derv) in velocity form is smaller than Z (1) in velocity form by 3-4 orders of magnitude. Table II arise because transition amplitudes depend on energy, and the transition energy changes order-by-order in MBPT calculations. Both length ͑L͒ and velocity ͑V͒ forms are given for the matrix elements. We can see that the first-order matrix elements Z L
(1) and Z V
differ by 10-20 %; the L-V differences between secondorder matrix elements are much larger for some transitions as seen by comparing Z L (2) and Z V (2) . It can also seen from Table  V that P (derv) in length form almost equals Z (1) in length form but that P (derv) in velocity form is smaller than Z (1) in velocity form by 3-4 orders of magnitude.
Values of coupled reduced matrix elements in length and velocity forms are given in Table VI for the transitions considered in Table V . Although we use an intermediatecoupling scheme, it is nevertheless convenient to label the physical states using the j j scheme. We see that L and V forms of the coupled matrix elements in Table VI differ only in the fourth or fifth digits. These L-V differences arise because we start our MBPT calculations using a non-local Dirac-Fock ͑DF͒ potential. If we were to replace the DF potential by a local potential, the differences would disappear completely. The last two columns in Table VI show L and V values of coupled reduced matrix elements calculated without the second-order contribution. As can be seen from this table, removing the second-order contribution increases the L-V differences.
It should be emphasized that we include negative-energystate ͑NES͒ contributions to sums over intermediate states.
Ignoring the NES contributions leads to small changes in the L-form matrix elements, but substantial changes in some of the V-form matrix elements, with a consequent loss of gauge independence. 
av(J) Z L
(1) 
III. X-RAY WAVELENGTHS FOR NI-LIKE IONS
ZÄ47-92
The nϭ3 -4 transitions in Ni-like ions have been thoroughly investigated, theoretically and experimentally. In Table VII , our MBPT results of wavelengths for transitions from 11 excited Jϭ1 states to the ground state are compared with experimental data given in Refs. ͓10͔, ͓11͔, and ͓14͔. Other references to experimental measurements were omitted since they were included by Quinet and Biémont in Ref.
͓14͔. The nϭ3 -4 transitions observed in x-ray spectra of the Ni-like ions Ag 19ϩ -Pb 54ϩ were investigated theoretically in Ref. ͓14͔ using the multiconfigurational Dirac-Fock approach. Our MBPT method starts from the Dirac-Fock approximation, and includes correlation corrections for Coulomb-Coulomb (E (2) ) and Coulomb-Breit B (2) ) interactions. The correlation corrections are in the range 2000-10 000 cm Ϫ1 , as seen in Table IV . Consequently, our MBPT data in Table VII are in closer agreement with experimental data than the uncorrelated values from Ref. ͓14͔, and can be used to predict wavelengths in future experiments.
IV. WAVELENGTHS OF TRANSITIONS BETWEEN EXCITED STATES
Transitions between excited states were studied mostly for purpose of obtaining accurate data for lasing FIG. 6 . Oscillator strengths for transitions between the ground state and the 3d j 6 f j Ј (1) state as functions of Z. Table VIII . Our MBPT calculations are in a good agreement with the three experimental values and with predicted data in interval Zϭ62-82 for the 3d 5/2 4p 3/2 (1)-3d 5/2 4d 5/2 (1) line. There is also a good agreement with predicted data for the 3d 5/2 4p 3/2 (1) -3d 5/2 4d 5/2 (2) line in intervals Zϭ62-69 and 78-82. However our MBPT calculations for this line disagrees with experimental and predicted data in the range of Zϭ70-73. We have no explanation for this disagreement.
In Table IX , our MBPT results of wavelengths for 3d j 1 4s 1/2 (J)-3d j 2 4 p j (JЈ) transitions are compared with experimental data given in Ref. ͓15͔ . The identification given in Ref. ͓15͔ for ⌬nϭ0 transitions in the spectra of four Ni-like ions with Zϭ47-50 was based on the Slater-Condon method with generalized least-square ͑GLS͒ fits of energy parameters. This method was described by Wyart ͓16͔. As can be seen from Table IX, our MBPT data are in a good agreement with experimental data: the disagreement in 3d j 1 4s 1/2 (J)-3d j 2 4 p j (JЈ) wavelengths is about 0.07%, except for three lines ͓3d 5/2 4s 1/2 (2)-3d 3/2 4p 1/2 (1) in Cd 20ϩ , 3d 3/2 4s 1/2 (2)-3d 3/2 4 p 1/2 (1) in In 21ϩ , and Only several lines for 3d j 1 4p j 2 (J)-3d j 3 4d j 4 (JЈ) transitions were observed and identified by Churilov et al. ͓15͔ in Ni-like ions with Zϭ47-50. These data, together with our MBPT data and predicted theoretical data ͓16͔, are presented in Table X . The GLS label is used for data from Ref. ͓16͔, since they were determined in generalized least-squares fits using all known levels in the Ni sequence. As can be seen from Table X, our MBPT data MBPT are in better agreement with experimental data expt than with predicted data GLS .
V. OSCILLATOR STRENGTHS, FOR DIPOLE TRANSITIONS TO THE GROUND STATE
As mentioned previously, line strengths, oscillator strengths, and transition rates for dipole transitions between odd-parity states with Jϭ1 and the ground state are calculated in Ni-like ions with nuclear charges ranging from Z ϭ29 to 100. Results are obtained in both length and velocity forms, but only length-form results are tabulated, since length-velocity differences are less than 1% for most cases.
In Figs. 2-6, we present the Z dependence of oscillator strengths of transitions from Jϭ1 excited states to the ground states. The sharp features in the curves shown in these figures can be explained in many cases by the strong mixing of states inside the odd-parity complex with Jϭ1. In  Fig. 2 , the double cusp in the interval Zϭ57-59 is due to mixing of the 3d 5/2 4 f 5/2 (1) and 3d 5/2 4 f 7/2 (1) states. The mixing of the 3d 5/2 4 f 7/2 (1) and 3d 3/2 4 f 5/2 (1) states in the Zϭ55-56 range gives a singularity in the curve with the 3d 5/2 4 f 7/2 (1) label. The mixing of the 3d 3/2 4 f 5/2 (1) and 3 p 3/2 4s 1/2 (1) states in the Zϭ49-50 range gives a singularity in the curve with the 3d 3/2 4 f 5/2 (1) label. The deep minimum in the curve with the 3d 3/2 4p 1/2 (1) label in the Z ϭ43-44 range can be explained by mixing of the 3d 3/2 4p 1/2 (1) and 3d 5/2 4p 3/2 (1) states. Most of the remaining singularities in Figs. 2-6 can be explained in a similar way.
These singularities are a consequence of coupling between states governed by the first-order mixing coefficients C 1 N ͓av(J)͔ in Eq. ͑2.17͒. Comparison with the MCDF oscillator strengths given in Ref. ͓14͔ confirms this conclusion. However, some of the singularities are caused by secondorder uncoupled matrix elements. As can be seen from the expression for Z K (RPA) ͓Eq. ͑2.14͔͒, the dominator of one term is ⑀ bv Ϫ⑀ na . When vϭ4d 5/2 , aϭ3p 3/2 , nϭ5p 3/2 , and b ϭ3d 5/2 , the sign of the denominator changes sign in the interval Zϭ57-58, and the denominator becomes very small for Zϭ57. A similar situation occurs for other cases: ⑀ 4p 3/2 Ϫ⑀ 3s 1/2 ϩ⑀ 3d 5/2 Ϫ⑀ 5 f 7/2 changes signs in the interval Z ϭ66-67, and so forth. In these cases, the contribution of the term with these small denominators becomes much larger than other contributions, leading to new singularities in the Z dependence of the oscillator strengths. We removed some of these singularities by increasing our model space to include 3d j np j Ј and 3d j n f j Ј states with nϭ5 and 6, and simultaneously removing the states from the sum over n in the expression for Z K (RPA) in Eq. ͑2.14͒. As can be seen from Figs. 3 and 4, some small singularities still remain for 3p j 4s 1/2 (1) states in the Zϭ29-35 range, and 3p j 4d j Ј (1) in the Zϭ29-45 range. These 3p j 4s 1/2 (1) and 3 p j 4d j Ј (1) states are autoionizing for the 3d j -hole threshold in the Zϭ29-35 and 29-40 ranges. In this case, the singularity is in the positive part of the spectra in the sum over n in Eq. ͑2.14͒ for Z K (RPA) . Our conclusion concerning the importance of autoionizing states in low-Z Ni-like ions for calculations of the oscillator strengths can be extended to other atomic data.
VI. CONCLUSION
In summary, a systematic second-order MBPT study of excitation energies of the 106 3l-4lЈ hole-particle states of Ni-like ions was presented. Theoretical wavelengths in the x-ray spectra of Ni-like ions Ag 19ϩ ϪPb 54ϩ differ from existing experimental wavelength data at the level 0.01-0.1 %. Wavelengths of 3l 1 4l 2 (J) -3l 3 4l 4 (J) transitions differ from existing experimental wavelengths for intermediate values of Z at the level 0.07%. These data provide a smooth theoretical reference for line identification.
Also presented is a systematic second-order relativistic MBPT study of reduced matrix elements and oscillator strengths for dipole transitions into the ground state in Nilike ions, with nuclear charges ranging from Zϭ29 to 100. The retarded dipole matrix elements include correlation corrections from Coulomb and Breit interactions. Both length and velocity forms of the matrix elements were evaluated, and small differences, caused by the nonlocality of the starting HF potential, were found between the two forms. Second-order MBPT transition energies were used to evaluate oscillator strengths. The importance of autoionizing states for calculations of the oscillator strengths in low-Z Ni ions was found and discussed. We believe that our results will be useful in analyzing existing experimental data and in planning new experiments.
